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On	the	Status	of	the	Measurement	Problem:	Recalling	the	Relativistic	Transactional	Interpretation			R.	E.	Kastner	26	September	2017	Foundations	of	Physics	Group,	University	of	Maryland			ABSTRACT.	In	view	of	a	resurgence	of	concern	about	the	measurement	problem,	it	is	pointed	out	that	the	Relativistic	Transactional	Interpretation	(RTI)	remedies	issues	previously	considered	as	drawbacks	or	refutations	of	the	original	TI.	Specifically,	once	one	takes	into	account	relativistic	processes	that	are	not	representable	at	the	non-relativistic	level	(such	as	particle	creation	and	annihilation,	and	virtual	propagation),	absorption	is	quantitatively	defined	in	unambiguous	physical	terms.	RTI	therefore	provides	a	well-defined	terminus	to	what	appears	to	be	a	necessary	infinite	regress	concerning	‘absorption’	when	only	the	non-relativistic	level	is	considered.	In	addition,	specifics	of	the	relativistic	transactional	model	demonstrate	that	the	Maudlin	‘contingent	absorber’	challenge	to	the	original	TI	cannot	even	be	mounted:	basic	features	of	established	relativistic	field	theories	(in	particular,	the	asymmetry	between	field	sources	and	the	bosonic	fields,	and	the	fact	that	slow-moving	bound	states,	such	as	atoms,	are	not	offer	waves)	dictate	that	the	‘slow-moving	offer	wave’	required	for	the	challenge	scenario	cannot	exist.	It	is	concluded	that	issues	previously	considered	obstacles	for	TI	are	no	longer	legitimately	viewed	as	such,	and	that	reconsideration	of	the	transactional	picture	is	warranted	in	connection	with	solving	the	measurement	problem.							1.	Introduction	and	Background		 In	 a	 nutshell,	 the	measurement	 problem	 (MP)	 is	 this:	 given	 an	 interaction	among	 quantum	 systems	 (such	 as	 an	 unstable	 atom,	 atoms	 comprising	 a	 Geiger	Counter,	 atoms	 comprising	 a	 vial	 of	 gas,	 a	 cat,	 a	 friend	 of	Wigner,	 etc.),	 which	 of	those	 interactions	 constitutes	 ‘measurement,’	 and	 why?	 During	 the	 past	 several	decades,	 worries	 about	 the	 MP	 largely	 abated	 due	 to	 a	 popular	 sense	 that	environmental	 decoherence	 took	 care	 of	 defining	 measurement	 in	 a	 unitary-only	picture	(even	though	there	were	numerous	criticisms	of	that	approach—e.g.,	Dugić	and	 Jeknić-Dugić,	 2012;	 Fields,	 2010;	 Kastner,	 2014c).	 However,	 there	 remains	 a	marked	 lack	 of	 consensus,	 and	 recently	 there	 has	 been	 a	 resurgence	 of	 concern	around	this	issue.	Griffiths	goes	so	far	as	to	remark	that:		
		
…the	failure	of	quantum	physicists	to	solve	the	measurement	problem(s)	is	not	only	an	intellectual	embarrassment...but	also	a	serious	impediment	to	ongoing	 research	 in	 areas	 such	 as	 quantum	 information,	 where	understanding	microscopic	quantum	properties	and	how	 they	depend	on	time	is	central	to	the	enterprise.	(Griffiths,	2017)		 However,	perhaps	the	situation	is	not	so	dire.	The	present	author	would	like	to	issue	a	gentle	reminder	that	in	fact	there	is	a	strong	contender	for	solving	the	measurement	problem	in	the	Relativistic	Transactional	Interpretation	(e.g.,	Kastner,	2012);	which	must	be	carefully	distinguished	from	the	original	TI	of	Cramer	(1986).	Making	that	distinction	clear	is	a	major	objective	of	the	present	work.	First,	however,	it	is	well	known	that	about	a	decade	after	Cramer’s	original	proposal,	Maudlin	(1996;	2nd	ed.	2002)	raised	what	appeared	at	the	time	to	be	a	fatal	objection	to	TI,	and	at	that	point	a	consensus	developed	that	TI	was	not	viable.		What	went	largely	unnoticed	after	Maudlin’s	apparent	disposal	of	TI	were	several	publications	demonstrating	that	the	Maudlin	objection	was	not	in	fact	fatal	(e.g.,	Marchildon,	2006;	Kastner,	2006;	Kastner	2012,	Chapter	5).	More	importantly,	however,	is	that	the	Maudlin	objection	is	itself	completely	nonviable	once	the	relativistic	level	of	the	transactional	picture	(RTI)	is	taken	into	account	(Kastner	2017a).		In	view	of	the	ongoing	concern	about	the	MP,	this	more	recent	nullification	of	the	Maudlin	objection	is	briefly	reviewed	herein,	as	well	as	the	RTI	solution	to	the	measurement	problem,	including	quantitative	criteria	for	the	processes	of	emission	and	absorption	(Kastner	2012,	Section	6.3.4).	The	latter	were	taken	as	primitive	in	the	original	Cramer	account,	apparently	leading	many	researchers	to	discount	it.	The	RTI	development,	which	remedies	these	lacunae	in	the	original	TI,	does	not	seem	to	have	penetrated	the	community,	since	a	recent	review	by	L.	Marchildon	of	Cramer’s	latest	book	(Cramer	2016)	completely	omits	it.	Based	only	on	the	older	version	of	TI	presented	in	Cramer’s	book,	Marchildon	expresses	his	worry	that			
“In an important sense, TI is not better defined than the the Copenhagen 
interpretation...in Cramer’s view, transactions play the part of collapse. True, 
they are somewhat immune to questions like “When does the collapse occur?,” 
but they require emitters and absorbers. These should be macroscopic (classical) 
objects if transactions are truly irreversible. The classical-quantum distinction or 
apparatus definition therefore plagues Cramer’s view just as it does Bohr’s or 
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state,	not	an	offer	wave;	or	(assuming	this	were	possible)	a	slow	electron	which	is	never	confirmed	by	an	‘electron	confirmation	wave’	but	only	indirectly	via	photon	transactions.	(Massive	bosons	would	be	of	no	use	since	they	are	always	short-range.)		 The	 reader	 may	 still	 be	 worried	 about	 the	 idea	 of	 an	 ‘orphan’	 offer	 wave	being	emitted	to	the	left	with	no	absorber	present	on	that	side	at	all	(even	though	there	can	be	no	 ‘slow-moving	offer	wave’	as	above).	However,	once	the	relativistic	level	is	taken	into	account,	it	is	clear	that	there	can	never	be	any	offer	wave	(more	precisely,	offer	wave	component)	emitted	without	absorber	participation;	this	is	the	quantum	 relativistic	 analog	 of	 the	 Wheeler-Feynman	 ‘light	 tight	 box’	 condition,	except	 that	 it	 is	 no	 longer	 ad	 hoc	 but	 is	 an	 intrinsic	 part	 of	 the	 dynamics	 of	 the	direct-action	 theory,	 as	 follows.	Both	emitter	 and	absorber	 contribute	mutually	 to	the	 elevation	 of	 a	 virtual	 (time-symmetric	 propagator)	 connection	 between	 them,	which	 lacks	 any	 temporal	 orientation,	 to	 a	 real	 photon	 (time-asymmetric	 field	corresponding	to	a	projection	operator,	where	the	ket	or	Fock	state	corresponding	to	that	operator	is	the	offer	wave);	see	Kastner	2014a.	Put	differently,	both	emitter	and	absorber	are	necessary	but	not	sufficient	conditions	for	OW	and	CW	generation,	respectively	 (where	 the	 lack	 of	 sufficiency	 is	 simply	 the	 fact	 that	 OW	 and	 CW	generation	 are	 subject	 to	 fundamental	 indeterminacy,	 reflected	 in	 the	 coupling	amplitude,	 and	 thus	 not	 assured).	 Thus,	 at	 the	 quantum	 relativistic	 level	 of	 the	Davies	theory,	it	is	seen	that	absorber	response	is	a	minimum	requirement	for	any	offer	 wave	 or	 offer	 wave	 component,	 so	 that	 if	 there	 is	 no	 absorber	 for	 that	component,	no	 such	offer	wave	component	exists.	The	distinction	between	virtual	photons	(time-symmetric	propagator,	no	absorber	response)	and	real	photons	(pole	in	the	Feynman	propagator,	established	through	absorber	response)	is	discussed	in	Kastner	(2014a).			 Perhaps	 another	 way	 to	 understand	 this	 analog	 of	 the	 ‘light-tight	 box’	condition	is	as	follows:	in	the	original	Wheeler-Feynman	theory,	the	condition	was	presented	as	“all	emitted	fields	must	be	absorbed.”	Instead,	in	the	Davies	theory	and	in	RTI,	the	condition	is	“no	field	(meaning	real	field	or	Fock	state)	is	emitted	unless	there	 is	 absorber	 response.”	 Physically,	 this	means	 that	 the	 emitter	 and	 absorber	mutually	 create	 the	 emitted	 field;	 both	 are	 required.	 This	 is	 the	 essence	 of	 the	direct-action	theory.				5.	Ontological	considerations			 In	 a	 private	 communication,	Maudlin	 (2017)8	worried	 that	 there	 is	 no	 real	collapse	 in	 TI	 because	 the	 time-symmetric	 character	 appears	 to	 demand	 that	 all	events	(including	absorber	responses)	already	exist	in	a	static	block	world;	so	there	is	 no	 real	 dynamics,	 including	 no	 real	 collapse.	 I	 agree	 with	 this	 concern,	 which	applies	 only	 to	 the	 original	 1986	TI.	 In	 fact	 I	 have	 argued	 that	 the	 same	problem	applies	to	all	‘time-symmetric’	interpretations	that	contain	explicit	or	implicit	future	boundary	 conditions	 (Kastner	 2017c).	 RTI,	 however,	 proposes	 an	 expanded																																																									8	Email	from	T.	Maudlin	to	J.	Gibson,	provided	to	the	author.	
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